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PHASE FREQUENCY DETECTOR USED IN PHASE LOCKED LOOP 
BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates to a Phase Locked Loop (hereinafter called PLL), and 
more particularly to a phase frequency detector, which has high sensitivity and is 
applied to a PLL. 

Description of the Related Art 

The Phase Locked Loop (PLL) is an automatic control circuit capable of 
tracing the frequency and phase of an input signal. The PLL is widely used in 
computer and consumer products and used in the fields of frequency synthesis, 
clock/data recovery, clock de-skewing, and the like. The PLL traces the phase and 

frequency of the input signal and locks the phase and frequency of the output 

< 

signal so as to keep the phase and frequency of the output signal at a desired value 
or within a certain range. 

There are basically two types of PLLs, which are the analog PLL and the 
digital PLL. Both the analog PLL and the digital PLL need a phase frequency 
detector (hereinafter called PFD). FIG 1A shows a block diagram of a typical 
digital PLL. The digital PLL includes a PFD 100, a PEQ (Phase Error Quantizer) 
110, a DCO (Digital Controller Oscillator) 120 and a divider 130. The PFD 100 
is for comparing a feedback signal Fj with an input signal F r to get a phase error 
therebetween, and outputting phase error signals according to the phase error. 
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The typical phase error signals includes an UP signal and a DOWN signal, and a 
phase error value between the feedback signal Fj and the input signal F r is 
represented by the values of the two phase error signals and the time difference 
therebetween. The PEQ 110 quantizes the phase error value and outputs a count 
5 signal according to the values of the UP and DOWN signals and the time 
difference therebetween. The DCO 120 outputs a corresponding output signal F 0 
according to the value of the count signal. The feedback signal Fj is then 
obtained by dividing the output signal F 0 in the divider 130. 

FIG IB shows a block diagram of a typical analog PLL, which includes a 
10 PFD 150, a charge pump 160, a voltage controller oscillator (hereinafter called 
VCO) 170 and a divider 180. It is to be noted that the PFD 150 operates in the 
same way as the digital PLL, with the PEQ 110, the DCO 120, and the functions 
thereof being substituted by the charge pump 160 and the VCO 170. 

FIG 2 shows a circuit of a conventional PFD, which includes two D-type 
15 flip-flops 200 and 210 and an AND gate 220. The signal input terminals D of 
the flip-flops 200, 210 are coupled to a high-voltage power source. The flip-flop 
200 receives the input signal F r at a clock input terminal CK and generates the 
phase error signal UP at an output terminal Q. The flip-flop 210 receives the 
feedback signal F; at a clock input terminal CK and generates the phase error 
20 signal DOWN at an output terminal Q. The AND gate 220 receives the two phase 
error signals UP and DOWN and generates a reset signal for the two flip-flops 
200 and 210. Detailed description concerning the PFD in FIG. 2 can be referred 
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to US Patent No. 5,963,058, which is incorporated herein by reference. 

FIG 3 is the timing chart showing the operation principle of the PFD. It is 
assumed that the flip-flops of the phase frequency detector in FIG 2 are 
rising-edge triggered elements. Taking that the signal F r leads the signal Fj as an 
example, the flip-flop 200 outputs the UP signal with high level when the input 
signal F r is turned to high level from low level. The flip-flop 210 outputs the 
DOWN signal with high level when the input signal Fj is turned to high level from 
low level. When the UP and DOWN signals are both turned to high level, the 
AND gate 220 outputs a reset signal that is respectively inputted to the flip-flops 
200 and 210 to reset the flip-flops 200 and 210. As a result, the UP and DOWN 
signals are returned to low level. The operation under the situation when the 
signal F r lags behind the signal Fj can be similarly derived. 

However, the gate delay inherent in circuit components of the PFD, such as 
the flip-flops and the AND gate, may significantly degrade the linear relationship 
between the length of the UP or DOWN signal, and the phase error of the F r and 
Fj signals. This may also significantly limit the sensitivity, i.e., the minimum 
amount of the phase error between the feedback signal Fj and input signal F r that 
can be detected by the PLL. When the phase error is smaller than a certain level, 
it is possible to induce a dead zone condition, in which the UP or DOWN signal 
outputted from the PFD cannot be utilized by the post-stage circuit, or even 
cannot be detected by the post-stage circuit owing to the above-mentioned delay 
nature of the circuit components. 
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SUMMARY OF THE INVENTION 

It is therefore one of the many objects of the invention to provide a PFD 
used in a PLL, capable of functioning normally even with the phase error being 
small. 

According to embodiments of the present invention, a phase frequency 
detector is disclosed. The phase frequency detector comprises a phase error 
detecting unit for outputting a set of phase error signals according to a phase error 
between a first input signal and a second input signal; and a reset unit coupled to 
the phase error detecting unit for receiving the first input signal and the second 
input signal, and for outputting a reset signal according to the first input signal 
and the second input signal, in order to reset the phase error detecting unit. 

These and other objectives of the claimed invention will no doubt become 
obvious to those of ordinary skill in the art after reading the following detailed 
description of the preferred embodiment that is illustrated in the various figures 
and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG 1 A illustrates a block diagram of a typical digital PLL. 
FIG IB illustrates a block diagram of a typical analog PLL. 
FIG 2 illustrates a circuit of a conventional PFD. 
FIG 3 illustrates a schematic timing chart for the PFD in FIG 2. 
FIG 4 illustrates a block diagram of a PFD used in a PLL according to an 
embodiment of the invention. • 
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FIG 5 illustrates a detailed circuit diagram of a PFD circuit used in the PLL 
in FIG 4. 

FIG 6 illustrates a schematic timing chart for the PFD in FIG 5. 
FIG 7 illustrates another detailed circuit diagram of a PFD circuit used in 
the PLL in FIG 4. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG 4 illustrates a functional block diagram of a PFD according to an 
embodiment of the invention. The PFD in FIG 4 includes a phase error 
detecting unit 400 and a reset unit 410. The reset unit 410 receives both the 
input signal F r and the feedback signal Fj synchronously with the phase error 
detecting unit 400, and generates a reset signal to reset the phase error detecting 
unit 400 according to the phase error between the input signal F r and the feedback 
signal Fj. 

FIG 5 illustrates a detailed circuit diagram of the PFD of FIG. 4. The 
phase error detecting unit 400 includes a first flip-flop 401, a second flip-flop 402 
and a sampling circuit 403. The first flip-flop 401 and the second flip-flop 402 
are D-type flip-flops. The signal input terminals D of the flip-flops 401, 402 are 
coupled to a positive supply voltage source supplying a logic high, while the 
clock signal input terminals CK of the flip-flops 401, 402 receive the input signal 
F r and the feedback signal Fj, respectively. Since the operation of the flip-flops 
401, 402 is well known to those skilled in the art, detailed descriptions thereof are 
herein omitted. 
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The first flip-flop 401 and the second flip-flop 402 output a first flag signal 
FLAG_1 and a second flag signal FLAG_2, respectively, from the output 
terminals Q to the sampling circuit 403. The sampling circuit 403 generates an 
UP signal and a DOWN signal according to the first flag signal FLAG_1 and the 
second flag signal FLAG2. When the first flag signal FLAG_1 is turned to 
high level, the sampling circuit 403 outputs the UP signal with high level and the 
DOWN signal with low level. When the second flag signal FLAG_2 is turned to 
high level, the sampling circuit 403 outputs the UP signal with low level and the 
DOWN signal with high level. The sampling circuit 403 is implemented in this 
embodiment by, but not limited to, a combinatoriaf logic as shown in FIG 5. 

In this embodiment, the reset unit 410 includes a third flip-flop 411 and a 
fourth flip-flop 412, both of which are D-type flip-flops, and the received signals 
and operations resemble those of the first flip-flop 401 and the second flip-flop 
402. The third flip-flop 411 and the fourth flip-flop 412 output a third flag signal 
FLAG_3 and a fourth flag signal FLAG_4, respectively, to a NAND gate 413. 
The third flag signal FLAG_3 is further inputted to an inverter 414, which outputs 
a first reset signal RESET_1 to the second flip-flop 402. The fourth flag signal 
FLAG_4 is further inputted to an inverter 415, which outputs a second reset signal 
RESET_2 to the first flip-flop 401. The output terminal of the NAND gate 413 
is coupled to the reset terminals of the third flip-flop 411 and the fourth flip-flop 
412. 

In order to make the explanation with reference to operations, please also 
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refer to timing chart of FIG 6. It is assumed that the all flip-flops herein are 
rising-edge triggered device. When the phase of the input signal F r leads that of 
the feedback signal Fj, the first flip-flop 401 and the third flip-flop 411 
simultaneously output a high-level first flag signal FLAG_1 and a high-level third 
5 flag signal FLAG_3, respectively. At this time, the sampling circuit 403 outputs 
a high-level UP signal and a low-level DOWN signal according to the first flag 
signal FLAGl. Meanwhile, the high-level third flag signal FLAG_3 resets the 
second flip-flop 402 via the inverter 414 to keep the second flag signal FLAG_2 
at low level When the phase-lagging feedback signal Fj is turned to high level, 

10 the fourth flip-flop 412 outputs a high-level fourth flag signal FLAG_4. At this 
time, the fourth flag signal FLAG_4 resets the first flip-flop 401 to pull the first 
flag signal back to the low level via the inverter 415. Therefore, the UP signal 
outputted from the sampling circuit 403 returns to the low level. Meanwhile, the 
third flag signal FLAG_3 and the fourth flag signal FLAG 4 are simultaneously 

15 inputted to the NAND gate 413, the NAND gate 413 outputs the reset signal to 
reset the third flip-flop 411 and the fourth flip-flop 412. The operation under the 
situation when the signal F r lags behind the signal Fj can be similarly derived. 

The first flip-flop 401 of the phase error detecting unit 400 corresponds to 
the third flip-flop 411 of the reset unit 410. Similarly, the second flip-flop 402 
20 corresponds to the fourth flip-flop 412. Because the received signals and 
working principles of two flip-flops in a corresponding flip-flop pair are 
substantially the same, the delay nature of the two may be regarded as being 
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substantially the same. As a result, the potential limitation to sensitivity of the 
PLL may be minimized, and the linear relationship between the length of the UP 
or DOWN signal, and the phase error of the F r and Fj signals may be best 
preserved. 

The invention further discloses another embodiment, as shown in FIG 7, 
wherein a buffer circuit 420 is added in front of the clock input terminals CK of 
the flip-flops 401, 402 in the phase error detecting unit 400. The function of the 
buffer circuit 420 delaying the injection of the F r /Fj signal to the first and the 
second flip-flops 401, 402 is to compensate for the delay effect caused by the 
inverters 414 and 415 on the reset signals. As a result, the sensitivity 
characteristic of the PLL as well as the linear characteristic mentioned above can 
be further improved. 

It is to be noted that the implementation of the invention is illustrated by 
taking the rising-edge triggered circuit as an example. However, the invention is 
not limited thereto. The circuit device also may be a fallingredge triggered 
circuit or a rising/falling-edge triggered circuit, whereof the operations can be 
reasonably appreciated by those have ordinary skill in the art, and therefore are 
not detailed herein. In addition, the PFD circuit according to embodiments of 
the invention may be adapted to the digital PLL and the analog PLL. 

While certain exemplary embodiments have been described and shown in 
the accompanying drawings, it is to be understood that such embodiments are 
merely illustrative of and not restrictive on the broad invention, and that this 
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invention not be limited to the specific construction and arrangement shown and 
described, since various other modifications may occur to those ordinarily skilled 
in the art. 
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